Thus an appreciable number of patients with uncomplicated atrial septal defects have major right to left shunts which are unrelated to pulmonary hypertension or right heart failure. These shunts may be detected by the usual oximetric techniques and apparently develop with age, which suggests that they result. from changes associated with chronic right volume overload.
In an uncomplicated atrial septal defect the direction of interatrial flow is from right to left at birth; thereafter, the fall in pulmonary vascular resistance during the neonatal period results in a left to right shunt. This pattern of flow can be reversed again during the natural history of an atrial septal defect if pulmonary vascular hypertension develops. In the absence of right heart failure or pulmonary hypertension, however, an atrial septal defect may cause a minor right to left shunt associated with the dominant left to right shunt, which is detectable only by complex techniques"3; in these cases confirmation by determining oxygen saturation values is impossible. There are isolated reports of atrial septal defect associated with systemic arterial desaturation and cyanosis poorly explained by the haemodynamic data.48 In addition, in some patients the right to left shunt has been discovered indirectly by measuring only systemic arterial oxygen tension.9 10 Requests for reprints to Dr Enrique Galve, Servicio de Cardiologfa, Ciudad Sanitaria Valle Hebr6n, Po Valle Hebr6n s/n, Barcelona 35, Spain.
Accepted for publication 22 November 1983 We undertook the present study (a) to determine the incidence and volume of right to left shunts in patients with atrial septal defects by the usual oximetric techniques and direct measurement of the left atrial stepdown and (b) to delineate the factors that may account for a right to left shunt in uncomplicated atrial septal defect.
Patients and methods

STUDY POPULATION
The haemodynamic data of 40 
482
Bidirectional shunt in atrial septal defect "a" wave in the right atrium, mean right ventricular epd diastolic pressure, left to right atrial gradient, mean pressure in the pulmonary artery, or the pulmonary to systemic vascular resistance ratio ( Figure  b ). The analysis of the diastolic morphology of the right ventricular pressure curves showed no differences between the groups.
The mean age of patients in group 1 was 52±15 years; they were significantly older than those in group 2 (p<0.01; Figure c ). There were no statistical differences between both groups in sex, cardiac rhythm (sinus rhythm versus atrial fibrillation), or mean heart rate.
SURGICAL CONFIRMATION AND ANOMALOUS PULMONARY VENOUS DRAINAGE
In all patients who underwent surgery (four in group 1 and 17 in group 2; Table 1 ) the diagnosis of an ostium secundum defect was confirmed. The size of the defect was not significantly different between the two groups ( Table 2 ). The prevalence of anomalous pulmonary venous drainage was similar in both groups (NS; In contrast to previous studies,I-8 ours suggests that a right to left shunt in these patients may be more important than generally considered, since it may be detected by a routine oximetric technique and does not require a highly sensitive method. We considered that a major right to left shunt was present when the difference between the mean oxygen saturation in the pulmonary veins and the mean saturation in the systemic artery was >0*7 vol%. In our opinion a stepdown of this magnitude exceeds the normal variability in blood oxygen measurements in the left heart chambers, which is less than that seen in the right heart chambers. Thus a sizeable right to left shunt was found in six of the 40 patients in our study.
In addition to the established causes of cyanosis in atrial septal defect-namely, pulmonary stenosis, tricuspid valve disease, or the superior or inferior vena cava entering the left atrium-the most important condition to be excluded in reversed shunts is pulmonary hypertension. In the present study, however, no significant difference in pulmonary vascular resistance was found between patients with bidirectional and isolated left to right shunts. Some workers have found that slow heart rates enhance right to left shunts,1 while others have found abnormally low left ventricular end diastolic pressures,4 right atrial hypertension due to tricuspid regurgitation,4 or an increase of the "a" wave in the right atrium10 as factors that could accentuate the shunt. In this study we matched several variables in patients with and without right to left shunts-namely, "a" wave and right atrial pressure, interatrial gradient, end diastolic right ventricular pressure, and heart rate. In addition, we analysed other variables such as age, sex, cardiac rhythm, size of the defect at surgery, magnitude of the left to right shunt, and coexistence of anomalous pulmonary venous drainage. Our results could possibly be explained by a congenital anomalous systemic venous connection resulting in the return of desaturated blood to the left atrium, directly or by means of a preferential shunt from the inferior vena cava.56 This theory would not, however, explain the increased prevalence of right to left shunts in older patients. Attention must, therefore, be given to those factors that result from long standing right heart volume overload-namely, increased pulmonary arterial pressure or reduced distensibility of the right ventricle. The first factor was not found to be important in our study. It is a common belief that the relative distensibilities of the two ventricles are the chief determinants of the size and direction of the shunt,9 while a minimal or no gradient is generally found between the two atria. Several workers4 6 7 have speculated that change in right ventricular relaxation may be the cause of reversed shunting, but only Ciafone et al found one patient with anomalies of the right ventricular pressure curve (an early diastolic dip followed by a plateau and a prominent "a" wave).7 Neither in the three cases investigated by Somerville4 nor in ours were these anomalies found. Thus, a more precise study of right ventricular diastolic properties is needed to clarify their role in the natural history of the right to left shunt.
Our study, therefore, indicates that right to left shunts in uncomplicated atrial septal defect may be detected easily by the usual oximetric technique in an appreciable number of patients. The patients with right to left shunts were significantly older. Factors other than pulmonary hypertension, related to long standing volume overload of the right heart, should be investigated.
